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NOMENCLATURE
BWL  Breadth on water line












D  Experiment result







Drag	 reduction	 devices	 in	 marine	 application,	 such	 as	
the	wedge,	 flap	 and	 anti-spray	 rails	 are	well	 known	 and	 are	
adapted	 in	 new	hull	 form	designs	 and	 also	 as	 interventional	
retrofit	measures	in	built	hulls.	Their	use	may	be	in	isolation	
or	 in	 combination,	 to	 improve	 the	 drag	 and	 bring	 down	 the	
power	 requirement.	 Literature	 reports	 in	 recent	 decades	 are	








The	 stern	 wedge	 serves	 to	 deflect	 the	 downstream	
flow	with	 resultant	 pressure	 build	 up,	 alteration	 of	 trim	 and	
consequent	 altered	 pressure	 component	 to	 reduce	 the	 drag.	
Figure	1	(A)	shows	the	integrated	wedge	flap	which	serves	to	
augment	 the	 lift	 and	 thereby	 improve	 the	 trim	of	 the	vessel.	






edge	 of	 the	 integrated	 wedge	 flap,	 slowing	 down	 the	 flow	
velocity	from	the	aft-most	portion	of	the	ship	to	the	point	near	
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is	 investigates.	A	methodology	with	 specific	guidelines	 for	 incorporating	 these	 appendages	with	 significant	 drag	
reduction	is	provided.	Small	crafts	designs	frequently	require	interventional	changes	to	realise	the	desired	guaranteed	
speed	with	 their	 installed	engine	power.	The	appendages	namely,	 the	wedge,	flap	and	anti-spray	rails	are	used	as	
retrofit	measures	or	adapted	in	new	hull	forms,	in	isolation	or	in	combination,	to	improve	the	drag	and	bring	down	
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area	 and	 resultant	 drag	 reduction.	 Song2,	 et al.  studied the 
influence	 of	 interceptors,	 stern	 flaps,	 and	 their	 combinations	
on	 the	 hydrodynamic	 performance	 of	 a	 deep-vee	 ship	 to	
enhance	 the	energy-saving	capacity	of	ships.	 It	was	 reported	
that	 the	optimum	speed	 range	of	 the	 interceptor	differs	 from	
that	of	the	stern	flap.	Resistance-reduction	performance	of	the	
stern	flap	was	observed	to	be	better	over	 the	Froude	number	






to	beam	ratio	 i.e.,	LWL/BWL<6 where	 the	spray	wetted	area	
can	amount	up	to	50	per	cent	of	the	wetted	area	of	the	hull	at	
rest	Graf3. It	was	also	reported	that	the	combination	of	properly	
designed	 anti-spray	 rail	 along	 with	 the	 transom	 wedge	 can	
reduce	the	drag	of	semi-displacement	hulls.	In	planing	hulls,	





rail	 is	 that	 it	cleanly	detaches	the	bow	wave	from	getting	on	
to	the	hull	surface,	thereby	reducing	the	bow	wave	resistance	
component	 from	 total	 drag	 and	 thereby	 leading	 to	 improved	
drag	characteristics.	
The	 above	 literature	 review	 sets	 the	 objective,	 which	
is	 to	 explore	 the	 effectiveness	of	 the	wedge	flap	 in	 isolation	
for	 different	 lengths	 and,	 weigh	 the	 option	 of	 limiting	 its	
length	 while	 combining	 the	 design	 with	 the	 anti-spray	 rail.	 
The	 methodology	 is	 numerical	 investigation	 and	 validation	
with	experiments	in	a	towing	tank	under	controlled	conditions.	





of	 the	 integrated	 wedge	 flap	 mainly	 in	 terms	 of	 its	 non-
dimensionalised	 chord	 length	 (taken	 as	 percentage	 of	 length	
of	the	vessel,	LBP)	and	the	wedge	flap	angle	as	defined	earlier.	
The	values	are	as	given	in	Table	1.







the	 unstructured	mesh	 in	 the	 fluid	 domain	 and	 prism	 layers	
with	high	quality	cells	are	used	near	the	hull	boundaries	which	
are	appropriate	for	the	turbulence	models	employed.	Domain	









































3. EXPERIMENTAL VALIDATION  
Table	 4	 gives	 the	 test	 matrix	 for	 the	 towing	 tank	
experiments	 performed	 for	 the	 purpose	 of	 validation	 of	 the	
numerical	 analysis	 based	 results.	The	 tests	 are	 performed	 in	
a	 towing	 tank	of	dimensions	82.0	m	 long	3.2	m	wide	2.5	m	
deep as per the ITTC guidelines in8. The model 
scale	 for	 the	 tests	 is	 1:15.95	 and	 the	 Froude	
number	 spans	 from	0.27	 to	 0.37.	 Sensitive	 high	
precision	force	measurement	transducer,	dynamic	





4. RESULTS FROM THE NUMERICAL STUDY
The	investigations	with	the	integrated	wedge	flap	fitted	to	
the	hull	and	with	different	chord	 lengths,	establish	 improved	
performance	 with	 increasing	 chord	 length.	 The	 analysis	
shows	 that	 the	flow	velocity	underneath	 the	hull	 in	 the	stern	
region	 slows	 down	 in	 the	 presence	 of	 the	 wedge	 flap,	 this	
consequently	 leads	 to	 higher	 pressure	 distribution	 in	 and	
around	the	region	of	the	stern.	The	increased	pressure	causes	
decreased	 (favourable)	 trim	 by	 stern	 and	 this	 change	 causes	




reduction	 of	 the	 drag.	 The	 same	 figure	 also	 shows	 that	 the	






increased	 chord	 length,	 this	 is	 not	 of	 practical	 use	 since	 the	
wedge	flap	cannot	have	unlimited	chord	length.	With	increasing	
chord	 length,	 the	 cantilever	 flap	 is	 bound	 to	 experience	
increased	 stresses	 on	 the	 material	 of	 the	 wedge	 flap	 at	 the	
root	 point	 of	 connection	 to	 the	 hull.	Also	 the	wedge	 flap	 is	
an	appendage	increasingly	vulnerable	to	damage	as	its	length	














Table 4. Test conditions performed in towing tank for validation
Conditions tested in towing tank Speed as a 
function of Fn  (0.27-0.37)
Wedge flap 
angle  (°)
Chord length of integrated 
wedge flap (% of LBP)
Location of anti-spray rail above 
draught line (% of draft)
Hull without appendages - - -
Hull	with	integrated	wedge	flap 12.0 2.0 -
Hull	with	integrated	wedge	flap	and	anti-spray	rail 12.0 2.0 30
Figure 2. Hull used for the experiment.
Figure 1. (a) Definition terms for the integrated wedge flap and 
(b) Hull modelled for numerical analysis.
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Figure 3. (a) Pressure distribution in the region of integrated 
wedge flap, (b) Drag reduction as a function of wedge 
flap angle, and (c) Pressure contours in hull with 
integrated wedge flap and bare hull.
Figure 5. (a) Effect of combining wedge flap with anti-spray 
rail in drag reduction (b) Total resistance coefficient 
vs. Froude no. 
Figure 4. (a) Effect of anti-spray rail position on drag and 

















The	 significant	 drag	 reduction	 requires	 validation	
through	 experiments.	 The	 results	 below	 show	 comparison	
with	 experiments.	 Figure	 6	 compares	 experimental	 results	




validate	 the	 numerical	 simulation	 results.	 The	 numerical	
simulations	also	give	insights	into	the	mechanism	of	the	flow	
pattern,	 the	 kinematics	 of	 the	 flow	 and	 the	 resultant	 reason	
for	drag	reduction	by	pressure	alterations	and	favourable	trim	
changes.	
6. RESULTS  and CONCLUSIONS
•	 The	 studies	 cover	 the	 investigation	 of	 drag	 on	 a	 high-
speed	displacement	vessel	in	the	Froude	range	of	0.27	to	
0.37.









rail	 gives	 better	 performance	 throughout	 the	 Froude	
number	range	of	0.27	to	0.37.
•	 Experimental	 results	 from	 towing	 tank	 test	 validate	 the	
findings	 and	 establish	 the	 significant	 drag	 reduction	
possible	with	the	fitting	of	the	wedge	flap	and	anti-spray	







•	 As	 a	 general	 remark,	 to	 reduce	 the	 full-scale	 flap	
manufacturing	 cost	 and	 to	 simplify	 construction,	 flap	
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7.	 Practical	Guidelines	 for	Ship	Resistance	CFD	 -	 7.5-03-
Figure 6. Validation of CFD results using experiment.
5. VERIFICATION AND VALIDATION
Verification	and	validations	are	carried	out	by	following	
the	methodology	 recommended	 in	 ITTC9-10	which	 are	 based	
on	Stern11	the	total	simulation	uncertainty	(USN) is obtained as 
34.52	per	cent.	
Towing	tank	total	uncertainty	(UD)	is	evaluated	as	per	the	
guidelines in ITTC12. Taking	95	per	cent	of	confidence	interval	
level,	 the	 total	 experiment	 uncertainty	 (UD)	 is	 found	 to	 be	 
0.377	per	cent	(+ 0.12	N).
2 2 2
V S DU U U+ +
Validation	 is	 achieved	by	comparing	 total	 error	 (E) and 
total	uncertainty	(UV).	Total	error	(E)	is	the	difference	between	
experiment (D) and simulation (S)	 values.	 Total	 error	 (E) 





Table 5. Verification and validation
%USN %UD %UV %│E│
34.52 0.377 34.52 2.99
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tests	 -	 7.5-02-02-02.	 ITTC	 -	Recommended	 Procedures	
and	Guidelines,	2014.
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